modifying the stress response to surgery, 4 reducing blood loss at surgery, 5 improving postoperative oxygenation,6 reducing postoperative pulmonary complications 7 and deep venous thrombosis 8 and modifying the immune reponse after surgery.9 Despite these advantages of regional anaesthesia there is in general no clear improvement in patient outcome when operative procedures are performed under regional anaesthesia in preference to general anaesthesia. A comparative study of spinal and general anaesthesia in patients having surgical correction of fractured neck or femur by
McLaren et al. 10 in 1978 showed a statistically significant difference in mortality (spinal 3.6070, general anaesthesia have also been compared for carotid endarterectomy, 12 total hip replacement, S cystectomy, 5 transurethral prostatectomy,13 caesarean section,14 inguinal hernia repair, 15 lower abdominal surgery, 16 bowel surgery,17 and lower limb amputation. IS A comparison of anaesthetic techniques has not been carried out in patients having lower limb vascular surgery. A study comparing spinal anaesthesia with general anaesthesia was therefore undertaken to see if there was any significant difference in morbidity and mortality.
MATERIALS AND METHODS
One hundred and one patients presenting for lower limb vascular surgery were studied prospectively. The patients were randomly allocated to have either general anaesthesia (51 patients -Group G) or spinal anaesthesia (50 patients -Group S). The patients were premedicated with pethidine 50-75 mg and phenergan 12.5-25 mg given intramuscularly one hour prior to the induction of anaesthesia.
General Anaesthetic Group
After preoxygenation, anaesthesia was induced intravenously with a combination of fentanyl 1.5-2.0 JAg/kg and thiopentone in sufficient doses to produce unconsciousness. Pancuronium or alcuronium was administered in appropriate dosage to produce neuromuscular blockade. The patients were intubated and ventilated with nitrous oxide and oxygen in a ratio of 2: 1 via a circle breathing system utilising carbon dioxide absorption. A ventilator was adjusted to produce a minute volume which the anaesthetist thought would produce normocarbia. Blood gas studies were done approximately 30 minutes after induction. The ventilatory pattern was later adjusted on the basis of these results. The nitrous oxide and oxygen gas mixture was supplemented by intravenous fentanyl and low-dose halothane as thought necessary by the anaesthetist. At the completion of the surgical procedure the patients were given an intravenous mixture of neostigmine and atropine. When spontaneous respiration was judged to be adequate they were extubated and transferred to the recovery room.
Spinal Anaesthesia Group
The patients were placed in the lateral position and utilising a sterile technique a 22 ga spinal needle was inserted into the subarachnoid space in the mid-lumbar region. Approximately 1.4-1.6 ml of hyperbaric 0.5OJo cinchocaine (nupercaine) with an added 0.1-0.2 ml of adrenaline 1: 1000 was injected. After the subarachnoid Injection was completed the patients were placed supine and the head down position was adjusted to achieve a block to the no level or above. The patients breathed oxygen-enriched air from a Hudson face mask with an oxygen flow rate of 6 IImin and were sedated with incremental doses of diazepam and thiopentone.
Both groups were subjected to similar perioperative monitoring. Blood pressure was measured with a blood pressure cuff unless the patient's medical condition was such that an intra-arterial cannula was indicated. Continuous intraoperative ECG monitoring was carried out utilising either a V5 or a CM5 lead. Significant myocardial ischaemic episodes were defined as ST segment depression of greater than 1.0 mm on a correctly calibrated paper writeout. Intraoperative events recorded in both groups included the occurrence of bradycardia or tachycardia, hypotension and hypertension and significant ST segment depression. Bradycardia was defined as a pulse rate less than 60 beats per minute and tachycardia as a pulse rate greater than 90 beats per minute. Hypotension was defined as a systolic blood pressure of less than 100 mmHg and hypertension as a systolic blood pressure of greater than 160 mmHg. Perioperative blood loss was estimated by weighing the swabs, measuring the volume in the sucker bottle and estimating blood loss on the drapes. Blood replacement was made depending on intermittent haematocrit measurements made intraoperatively. If the haematocrit was greater than 30%, 3.5% polygeline was used; if less than 30% blood loss was replaced by homologous blood. Throughout the operation, Hartmann's solution was infused at a rate of 5-10 mllkg/hr. Thirty minutes after commencement of surgery arterial blood gas measurements were made. Heparin (5000 U) was in iected prior to vascular clamping.
Postoperatively the patient's condition was Females (numbers) 15 15 followed till discharge from hospital or death.
Postoperative events particularly noted were the occurrence of headache, chest infection defined as fever plus productive sputum or chest X-ray changes, confusion defined as a change in mental state such that the patient had become disorientated and difficult to nurse and occurrence of chest pain consistent with ischaemic heart disease. Also noted was the need for further surgical procedures. The patient's condition was further assessed one year after surgery. The data was analysed using the Chi-Squared test, Fisher's Exact Test or Student's Hest where appropriate.
RESULTS
There was no significant difference between the two groups in terms of age and weight (see Table 1 ). Males made up about 70070 of each group. Duration of surgery was similar for both groups (mean general anaesthesia group = 2.58 hr; mean spinal group = 2.43 hr). No serious neurological sequelae attributable to spinal anaesthesia were detected.
The ASA classification and Goldman Risk Category for the 10 1 patients are shown in Risk Category 11 or Ill. Pre-operatively each of the patients took on average 2.5 different medications ( Figure 2 ). Diuretic, antihypertensive and digoxin medications were taken quite frequently. Insulin and oral hypoglycaemic medications were taken much less frequently. About one-fifth of each group took non-steroidal anti-inflammatory drugs. Anti-hypertension agents and anti-anginal drugs were continued on the day of surgery. The intraoperative complications reported varied widely between the two groups ( Figure  3 ). Bradycardia and hypotension were relatively common in the spinal group. In the general anaesthesia group about one-quarter of the patients developed hypertension which required treatment. Tachycardia and hypertension did not occur in the spinal group. In spite of these intraoperative haemodynamic changes, ECG ST segment changes were seen relatively rarely in either group.
Patients in the general anaesthesia group lost significantly more blood than patients in the spinal group (x2 = 8.37, P = 0.039) (see Figure  4 ). In the general anaesthesia group the blood loss was 792 ml (SO 440) whereas in the spinal group the blood loss was 560 ml (SO 340). In seven patients blood loss was not recorded. When only patients having reverse vein femoropopliteal bypass grafting were considered, there was a greater blood loss in the general anaesthesia group, 681 ml (SO 346), than in the spinal group, 470 ml (SO 334), but this difference was not statistically significant (x2=5.533, P=0.14) ( Figure 5 ). Intraoperative blood gas studies showed that in the general anaesthetic group four out of 47 patients (8.5%) had a P0 2 of less than 90 mmHg and in the spinal group five out of 50 (10070) had a P0 2 below this level. The PC02 measurements from the two groups are shown in Figure 6 . Seventy-two per cent of the general anaesthesia group had a PC02 of less than 40 mmHg whereas 84% of the spinal group had a PC02 of greater than 40 mmHg. There was a statistically significant difference in PC02 values between the general anaesthesia group (37 mmHg, SO 5) Postoperative complications are presented in Figure 7 . Four of the 101 patients died before discharge from hospital. Of the three patients who died in the general anaesthesia group, two died following further surgery. The first of these originally underwent a femoropopliteal reverse vein graft which required embolectomy on the second postoperative day. The leg remained ischaemic and at day 6 she had a below-knee amputation performed which became infected. At one month further debridement of her below-knee amputation was undertaken but her condition continued to deteriorate and she died two months after her original operation. The second patient underwent further vascular surgery on the 17th day and amputation on the 19th postoperative day. Five days after her third operation she suffered a cerebrovascular accident resulting in a severe motor deficit. Her condition rapidly deteriorated and she died 25 days after her original operation. The third patient who died in the general anaesthesia group died from septicaemic shock on the 6th postoperative day. This patient had an infected, poorly per fused AnaeSlhesia and Intensive Care, Vol. 14, No. 4, November, 1986 leg at the time of death. Thus none of the deaths in the general anaesthesia group could be directly attributed to the technique of anaesthesia.
The patient who died in the spinal group died on the second postoperative day of myocardial infarction. This patient had had intraoperative treatment for bradycardia and hypotension. He had been classified preoperatively as ASA Class 111.
Two further patients had non-fatal myocardial infarctions postoperatively (one each in the general and spinal groups). The patient in the general anaesthesia group had an infarct diagnosed on the first preoperative day. He had been classified preoperatively as ASA Class 111. He was discharged one month after surgery and at follow-up one year later his femoropopliteal bypass graft was working satisfactorily. The patient in the spinal group was diagnosed as having had a myocardial infarct on the third postoperative day. He spent one week in the coronary care unit and was later discharged from hospital. He had suffered from hypotension (BP less than 100 mmHg systolic) and bradycardia intraoperatively.
Two patients in the general anaesthesia group ruptured an arterial anastomosis postoperatively. One patient had a sudden massive blood loss in the recovery room which was treated with intravascular volume replacement, external cardiac massage and immediate reoperation. This patient was discharged from hospital well and his graft was functioning satisfactorily at follow-up at one year. The other patient ruptured an arterial anastomosis on the 11 th postoperative day and suffered a hypovolaemic cardiac arrest in the ward. The patient was successfully resuscitated and had immediate repair of the groaft which was working well at follow-up one year later.
There was no statistical difference between the two groups in the incidence of postoperative confusion (see Figure 7) . Of the six patients confused post operatively in the general anaesthesia group, one had been confused preoperatively. Two of the nine patients confused postoperatively in the spinal group were thought to be suffering from alcohol withdrawal. The average age of the remaining twelve patients whose postoperative confusion was unexplained was 75.8 years compared to mean age for unconfused patients of 65.5 years. This data is consistent with the clinical impression that postoperative confusion is more common in elderly patients but the data does not support the view that elderly patients are less likely to suffer postoperative confusion with spinal anaesthesia compared with general anaesthesia.
Five patients in the spinal group (10070) complained of mild headaches on the first postoperative day. None of these patients received treatment specific for the headache but at this time they were confined to bed and were receiving narcotics as a result of the surgical incision. None of the general anaesthesia group patients complained of postoperative headache.
There was a statistically significant difference between the two groups in the incidence of postoperative chest infection (Fisher's Exact Test P = 0.023). The incidence in the spinal group was less than half that in the general anaesthesia group.
A total of 19 patients, 10 in °the general group and nine in the spinal group, returned to the operating theatre for further surgery prior to discharge from hospital. Only one of these operations did not involve further vascular surgery. This patient had a transurethral prostatic resection because of persistent urine retention after a general anaesthetic.
At three months after surgery six out of the 47 patients in the general group who had not died or been lost to follow-up had undergone limb amputation. A similar number in the spinal group had undergone amputation (six out of 45). Thus neither technique appeared superior in terms of increased limb salvage rates.
At one year, seven out of the 46 patients in the general anaesthesia group not lost to follow-up had died. Six out of 39 patients in the spinal group not lost to follow-up had died. These figures reflect the advanced age and highrisk category of many of the patients.
DISCUSSION
This study compares general anaesthesia and spinal anaesthesia for lower limb vascular surgery. The only demonstrated difference in outcome between the two groups was a significantly higher incidence of postoperative chest infection in the general anaesthesia group (35070 vs 16070).
The mortality rate prior to hospital discharge in the general anaesthesia group (6070) was higher than in the spinal group (2%) but this difference was not statistically significant. In any case the three deaths in the general group did not appear to be related to the anaesthetic technique used. Only one of the three patients to die in the general group died within three weeks of the original operation. The other patient died of septicaemia at the end of his first postoperative week. On the other hand the solitary death in the spinal group may have been related to the anaesthetic technique as this patient required intraoperative treatment for hypotension and bradycardia and died on the second postoperative day of myocardial infarction. Our overall mortality rate of 4% compares favourably with that of 8.5% in an earlier retrospective study2 on patients with peripheral vascular disease undergoing major vascular surgery. It is not clear from this earlier paper what operations were investigated but it seems likely that elective abdominal aortic aneurysm repair operations were included and this factor may account for their overall higher mortality rate. Hertzer 19 found a mortality rate within the first postoperative month of 6.9% in 87 patients undergoing femoropopliteal reconstruction. In this study the technique of anaesthesia was not stated. A more recent study18 of 60 patients undergoing lower limb amputation randomly allocated to receive either general anaesthesia or spinal anaesthesia had a zero mortality rate with the first week of surgery and a mortality rate of 1.7% at the end of the second postoperative week. This figure was similar to our mortality rate at two weeks of2%.
The intraoperative haemodynamic changes were markedly different between the two groups ( Figure 3 ). There was a high incidence of hypotension (72%) and bradycardia (32%) in the spinal group. Although some anaesthetists would question the need to treat a systolic BP of anything less than 100 mmHg, the authors felt that the high incidence of ischaemic heart disease and cerebrovascular disease in these patients warranted the active treatment of blood pressure values below this level. The susceptibility of these patients to become hypotensive during spinal anaesthesia may reflect their limited vascular compliance and a high level of sympathetic blockade. In practice it is difficult to accurately predict the extent of cephalad spread of a subarachnoid injection of local anaesthetic agent and unexpectedly high blocks involving the cardioaccelerator fibres may have at least in part accounted for the high incidence of bradycardia. A feature of the spinal block induced hypotension in these patients was its ease of treatment with incremental doses of vasopressors. Bradycardia was usually treated with intravenous increments of atropine until a pulse rate of at least 60 beats per minute was achieved.
Although the study showed significantly less blood loss in the spinal group (see Figure 4 ) these results should be treated with some caution because although the mean duration of surgery was similar for the two groups, the operative procedures performed were not standardised. In any case the mean arterial pressures of the two groups were not similar and the reduced blood loss in the spinal group may merely reflect the lower blood pressure in this group. When the type of operation was standardised (see Figure 5 ) there was still less blood loss in the spinal group but this difference was not statistically significant.
Although the PC02 values in the general anaesthesia group were significantly less than in the spinal group only two patients had a PaC02 of less than 30 mmHg. The ventilatory pattern was adjusted in the general anaesthesia group in light of the blood gas results and so it is probable that no patient was subjected to prolonged hypocarbia. Hypocarbia reduces cerebral blood flow and is considered undesirable in elderly patients. However, in this study there was no significant difference between the general and spinal group in the incidence of postoperative confusion. This finding is consistent with the results of a very detailed study20 carried out on 741 patients aged 65 years or over who presented for elective surgery which showed no relationship between postoperative mental function and method of anaesthesia.
Postoperative chest infection was more than twice as common in the general group as in the spinal group. The high incidence of postoperative chest infection (35 %) in the general group may in part be due to the high cigarette consumption and elderly age of most of these patients. Decreased sputum clearance after postoperative narcotic medication and the direct effects of dry inspired gases and endotracheal intubation on the mucociliary escalator are other factors which may be of importance.
In this study neither technique appeared superior in terms of graft patency rates at three months. Cousins and Wright 21 have clearly shown that sympathetic and sensory blockade is associated with a mean increase in graft blood flow of about 50070. Graft flow rate is an important factor in determining short-term graft patency. Little et al. 22 found 80070 femoropopliteal graft failures at three months if intraoperative blood flow in grafts was less than 60 ml per minute compared with 80070 patency at three months if intraoperative flow was more than 60 ml per minute. They found a 100070 graft occlusion rate at three months if intraoperative flow was less than 40 ml per minute. Spinal anaesthesia might be expected to improve immediate postoperative flow rates and thus short-term patency rates. The reason this did not occur in this study may be related to the relatively short period of sympathetic and sensory blockade produced by single shot spinal anaesthesia.
Early postoperative vasoconstriction occurs due to pain and also due to intraoperative factors such as surgical manipulation and local cooling. Femoropopliteal graft blood flow has been shown to increase steadily for about 10 hours post operatively to become about three times initial values at 10 hours 23 and so it is possible that continuous epidural or subarachnoid block for only a period of about 20 hours might improve graft patency rates. However, epidural catheter insertion exposes these patients to the risk of epidural haematoma formation and associated serious neurological consequences because heparin is used intraoperatively prior to arterial occlusion. Although case reports 24 -26 have emphasised the hazards of epidural haematoma, Rao and EI-Etr 27 reported 4011 cases of epidural or subarachnoid catheterisation in patients who were subsequently heparinised with no incidence of clinically detectable epidural haematoma. However, these authors stressed the importance Anaesthesia and Intensive Care, Vol. 14, No. 4, November, 1986 of monitoring the effects of heparin on coagulation and they used smaller doses of heparin intraoperatively than are used in our institution. They also cancelled surgery for 24 hours if blood was detected at the time of epidural or subarachnoid catheter insertion. Although subarachnoid haematoma has been reported after lumbar puncture 28 ,29 almost all of these reports were on patients with clotting abnormalities at the time of lumbar puncture. We therefore feel that a single shot spinal block offers a suitable compromise in this situation.
We believe that 0,5070 cinchocaine in 6070 glucose with adrenaline of 1: 1000 consistently produces the longest duration of analgesia from a single shot spinal of any agent currently available. Cummings et al. 30 in a carefully controlled study showed that 1.5 ml of cinchocaine 0.5070 in 6070 glucose produced a significantly longer duration of analgesia at T12 than either 3 ml of bupivacaine 0.5070 or 3 ml hyperbaric bupivacaine 0.5070 (185 minutes vs 125 minutes).
They concluded that hyperbaric bupivacaine was suitable for use when a slightly shorter duration of analgesia was required than that produced by hyperbaric cinchocaine. Chambers et al. 31 found that the addition of adrenaline to hyperbaric 0.5070 bupivacaine 0.3 ml, subarachnoidly injected, prolonged the sensory loss at T12 from a mean of 104 minutes for plain solutions to 138 minutes for solutions containing adrenaline 0.2 ml but this difference was not statistically significant. Bridenbaugh and Kennedy32 state that adrenaline added to cinchocaine prolongs the action of that drug administered spin ally from 150-180 minutes for plain solutions, to 180-240 minutes for solutions containing adrenaline and our clinical experience agrees with this observation.
We conclude that spinal anaesthesia is a suitable alternative to general anaesthesia for lower limb vascular surgery and that it is associated with a lower incidence of postoperative chest infection. Although spinal anaesthesia has the theoretical advantage of increasing early postoperative graft blood flow, in this study we were unable to demonstrate an improved limb salvage rate at three months using this technique.
